blood mononuclear cells (Perron et al., 2012) . Against this backdrop, we will focus this perspective on HERV-mediated effects on myeloid cells.
Myeloid cells are part of the innate immune system and can be divided into different subpopulations. On the one hand, there are monocytes circulating in the bloodstream. On the other hand, macrophages are tissue-localized cells, which can be found in virtually every organ. Both monocytes and macrophages originate from hematopoietic stem cells in the bone marrow. In contrast to that, the tissue-localized myeloid cells of the central nervous system, the so-called microglial cells originate from embryonic yolk sac progenitors.
Early functional studies demonstrated that the HERV-W ENV protein can activate the receptors Toll-like receptor 4 (Figure 1 ) and cluster of differentiation 14 (Figure 1 ) on human monocytes leading to the production of pro-inflammatory cytokines (Rolland et al., 2006) . In addition, the ENV protein was shown to stimulate dendritic cells, a related myeloid cell type, to promote T helper cell type 1 differentiation (Rolland et al., 2006) . A similar activation of dendritic cells and a triggering role in experimental autoimmune encephalomyelitis in mice was then corroborated in a follow up in vivo study (Perron et al., 2013) . In addition to that, microglial cells also respond strongly to HERV-W ENV protein exposure. As recently demonstrated, ENV induces the expression of pro-inflammatory cytokines and of nitric oxide in these cells while it reduces anti-inflammatory and neuroprotective parameters (Kremer et al., 2019) . Furthermore, ENV protein drives microglial cells to physically interact with myelinated axons and to induce leakage of intra-axonal and myelin proteins. These observations suggest an entirely novel axon damage mechanism, which could explain the tight axonal phenotypes of myeloid cells found in chronic active MS lesions (Kremer et al., 2019) . In addition, they also provide a biomedical rationale for the anti-degenerative effects observed in a recent phase 2b clinical trial which tested the HERV-W ENV-neu- Gruchot J, Kremer D, Küry P (2020) Human endogenous retroviruses: ammunition for myeloid cells in neurodegenerative diseases? Neural Regen Res 15 (6): 1043-1044. doi:10.4103/1673-5374.270311 tralizing antibody temelimab in MS patients (CHANGE-MS, NCT02782858 followed by ANGEL-MS NCT03239860). In light of these recent developments, it is worth mentioning that a previous study already reported increased nitric oxide production in response to ENV overexpression in a microglial cell line and that cell migration was enhanced (Xiao et al., 2017) .
In summary, the current available data point to a preferred activation of HERVs in myeloid cells such as monocytes/macrophages and microglial cells leading to endothelial and oligodendroglial stress reactions which may contribute to disease pathology and impaired regeneration (Küry et al., 2018) . On the other hand, additional autocrine/paracrine effects of HERVs on the polarization and phenotype of myeloid cells have been reported recently. As there are several specialized macrophage populations present at central nervous system interfaces such as the dura mater, the leptomeninges, the perivascular space and the choroid plexus (Kierdorf et al., 2019) , it will be of interest to analyze their specific reactions to ENV production or stimulation. All the more, as HERV-W was initially discovered in a leptomeningeal cell line derived from a MS patient (Perron et al., 1989) . Successful treatment of neurodegeneration is still an unmet clinical need particularly in progressive MS, so future studies are required to better understand associated myeloid phenotypes and their functional roles. Ultimately, from a therapeutic standpoint the goal is to identify new means to modulate and control HERV activation and expression.
Research on myelin repair and HERVs in the laboratory of PK was supported by the French societies ARSEP (Fondation pour l'Aide à la Recherche sur la Sclérose en Plaques) and AFM (Association Française Contre les Myopathies), by DMSG Ortsvereinigung Düsseldorf und Umgebung e.V. as well as by Geneuro. JG is a student of the iBrain graduate school and PK and JG are supported by the Stifterverband/Novartisstiftung. DK was funded by the Deutsche Forschungsgemeinschaft (DFG) while carrying research on HERVs at Cleveland Clinic. The MS Center at the Department of Neurology is supported in part by the Walter and Ilse Rose Foundation and the James and Elisabeth Cloppenburg, Peek, and Cloppenburg Düsseldorf Stiftung. 
